of CK20 staining. Neither of these differences was statistically significant, and recurrences were observed in 20% of patients whose tumors were both classified as papillary neoplasms of LMP and showed normal CK20 immunostaining; thus they do not allow a change in our current management of patients with low-grade papillary urothelial tumors, with close follow-up for all patients.
The World Health Organization (WHO) and the International Society of Urologic Pathology (ISUP) have recently published a consensus classification for urothelial papillary tumors (1) . This new classification system recognizes papilloma, papillary neoplasm of low malignant potential (LMP), and low-grade papillary transitional cell carcinoma at the low-grade end of the transitional cell neoplasia spectrum. A recent study has shown that this new classification of low-grade bladder tumors can provide prognostic information (2) .
Cytokeratins are a family of intermediatefilament polypeptides present in epithelial cells (3) . Cytokeratin 20 (CK20) is a recently described cytokeratin isotype, which shows a limited pattern of expression in normal tissues, being restricted to the gastric and intestinal epithelium, urothelium, and Merkel cells (4) . It has been suggested that the pattern of CK20 staining is a useful adjunct to morphology in the diagnosis of urothelial dysplasia (5) . It has also been suggested that CK20 expression can predict malignant potential in low-grade transitional cell tumors (6) , and therefore CK20 can be useful in defining treatment strategies for patients with these tumors (7) .
In this study, we have tested the ability of the new WHO/ISUP classification and CK20 expression, either separately or together, to predict for recurrence potential of low-grade papillary urothelial tu-mors. If a subset of patients with low-grade papillary transitional cell tumors who have a negligible chance of recurrence could be identified, based on pathologic examination of the resected tumors, these patients could be spared the regular cystoscopic examination that is the cornerstone of our current management of these patients.
MATERIALS AND METHODS
In this retrospective study, we searched the medical records of a single urologist (J.M.) at Vancouver Hospital-UBC Hospital Site, for the period 1984 to 1993, to identify all low-grade papillary urothelial tumors. All high-grade tumors or tumors with invasion were excluded. A total of 49 patients with lowgrade papillary transitional cell tumors were identified. All slides were reviewed by two pathologists (A.A. and C.B.G.) and the new WHO/ISUP classification was applied, with the tumors classified as papilloma, papillary neoplasm of LMP, or lowgrade papillary transitional cell carcinoma (Fig. 1) . All tumors were stained for CK20 using the streptavidin-biotin method and the monoclonal antibody Ks20.8 (Dako Diagnostics Canada Inc.), which was applied to formalin-fixed, paraffin- embedded tissue sections. The immunostained slides were assessed by the same pathologists, and the cases were divided according to the pattern of CK20 expression (Fig. 2) . If the expression was restricted to superficial (umbrella) cells, it was classified as normal expression. Other patterns of CK 20 immunostaining, i.e., diffuse full-thickness positivity or negativity for CK20 expression, were considered abnormal. Statistical analyses were done using Fisher's exact test.
The follow-up protocol after a cystoscopically directed biopsy positive for low-grade papillary transitional cell tumor was cystoscopy every 3 months for the first year, every 6 months for the second year, and then annually. All patient's files were reviewed for clinical follow-up through 1999, and slides from all recurrences were reviewed.
RESULTS
The patients range in age from 40 to 94 years (mean 76 years). Thirty-three patients are male and 16 are female. Of the 49 patients, 28 are cigarette smokers. Initial treatment consisted of transurethral resection of tumor without adjuvant therapy, e.g., BCG or intravesical chemotherapy. Of 49 tumors, 20 were classified as papillary neoplasms of LMP, and 29 were classified as low-grade papillary carcinoma ( Fig. 1) . No cases of papilloma were identified. Clinical follow up showed that 5 of 20 (25%) tumors classified as papillary neoplasms of LMP had recurred (Table 1) , with no evidence of progression to either low-grade or high-grade papillary carcinoma, or myoinvasion, in the recurrences. Fourteen of 29 (48.2%) tumors classified as low-grade papillary carcinoma recurred (Table 1 ). In two of these cases there was progression to highgrade carcinoma, with invasion of muscularis propria in both cases, and two patients developed high-grade transitional cell carcinoma in situ. There was no evidence of progression to high-grade carcinoma in the remaining 10 cases.
Of the recurrent papillary neoplasms of LMP, one tumor recurred three times during the study period; the other patients experienced a single recurrence only, with the tumor-free period before recurrence ranging from 4 months to 7 years (mean 29 months, median 17 months). Of the cases of recurrent lowgrade papillary carcinoma, seven tumors recurred only once, one tumor recurred twice, three tumors recurred three times and three tumors recurred four times, with the tumor-free interval ranging from 5 weeks to 8 years (mean 22 months, median 15 months).
CK20 immunostaining could be evaluated in 46 out of 49 cases only. Sixteen tumors showed normal (superficial) staining pattern of CK20 expression, and 30 tumors showed abnormal CK20 expression, including three cases with CK 20 negativity of the full thickness of the urothelium (Fig. 2) . Four of 16 (25%) tumors with normal CK20 expression had recurred (Table 2) . One patient developed highgrade transitional cell carcinoma in situ, but the remaining recurrences showed no evidence of progression to higher grade tumor. In contrast, of 30 tumors with abnormal CK20 expression, 15 (50%) had recurred (Table 2 ). In two of these cases there was progression to high-grade carcinoma; in both cases there was invasion of muscularis propria. A single patient developed high-grade transitional cell carcinoma in situ. There was no evidence of progression to high-grade tumor in the remaining cases. All three tumors with full thickness CK20 negativity recurred.
All tumors with normal CK20 staining pattern that recurred, have recurred only once, except for a single case with three recurrences, and the interval to recurrence ranged from 11 months to 8 years (mean 42 months). Among the tumors with abnormal CK20 staining pattern that recurred, eight tumors have recurred once only, one tumor recurred twice, three tumors recurred three times and three tumors recurred four times, with recurrence intervals of between 5 weeks and 3 years (mean 19 months, median 15 months).
The relationship between the WHO/ISUP classification and CK20 staining is shown in Table 3 . Most tumors of LMP showed normal CK20 immunoreactivity (10 of 17 cases), whereas most lowgrade transitional cell carcinomas showed abnormal CK20 immunoreactivity (23 of 29 cases). Of 10 tumors that were classified as tumors of LMP and also showed normal CK20 staining pattern, two have recurred (20%).
DISCUSSION
Low-grade papillary urothelial tumors of the urinary bladder are characterized by a high rate of recurrence and low potential for invasion (8, 9) . Patients with low-grade urothelial tumors treated by transurethral resection typically then are monitored by regular cystoscopy, which is expensive and has potential morbidity and mortality, related primarily to the risk of anesthesia. A less invasive and expensive alternative to cystoscopy is desirable and a variety of alternatives have been investigated.
Urine cytology has been used for follow-up in patients with bladder carcinoma (10) . Cytology is effective in monitoring recurrence of high-grade urothelial tumors, but is ineffective in low-grade papillary urothelial tumors because the tumor cells lack many of the cytologic features of malignancy (10, 11) .
The ability of flow cytometry of exfoliated tumor cells to detect recurrent urothelial tumors has also been evaluated. Flow cytometry and image analysis can detect DNA aneuploidy, which is characteristic of high-grade tumors but not low-grade tumors (12) . Thus, for patients with low-grade papillary transitional cell tumors, analysis of exfoliated cells for DNA content is a very insensitive assay and cannot replace regular cystoscopic examination (13) .
Immunohistochemical study of exfoliated urothelial cells for overexpression of Lewis X antigen can increase the sensitivity of urine cytologic examination (14) . The main drawback has been lack of specificity, with expression of Lewis X antigen frequently observed in reactive urothelium (15) . Detection of p53 mutations, which are frequently manifest as increased intracytoplasmic protein detected by immunohistochemistry, has similarly been suggested as a marker of transitional cell neoplasia (16) , but use of immunohistochemical detection suffers from both lack of sensitivity and specificity (17) . Direct mutation analysis of the p53 gene is too expensive for use as a routine diagnostic test with available technologies.
Another strategy for monitoring patients for recurrent bladder tumors is to assay urine for noncellular elements associated with transitional cell neoplasia. Examples include bladder tumor antigen, nuclear matrix proteins, fibrin/fibrinogen degradation products, telomerase and hyaluronic acid/ hyaluronidase (reviewed in ref. 18 ). Although there have been promising results with these assays, particularly bladder tumor antigen and telomerase (19 -21) , they are preliminary and larger prospective studies demonstrating their efficacy are needed. At the present time their role in follow-up of patients with low-grade transitional cell tumors is not well delineated.
Studies of biopsy specimens from low-grade papillary tumors have been undertaken in an attempt to identify features predictive of recurrence. Helpap and Kollerman found an increased likelihood of recurrence in tumors with a high proliferative index, assessed MIB-1 immunostaining (22) . Tsujihashi et al. showed that immunostaining for bromodeoxyuridine incorporation and Ki-67 also correlated with grade although the ability of these proliferation markers to predict outcome was not tested directly (23) . Although markers of tumor cell proliferation hold promise as prognostic indicators for patients with low-grade papillary transitional cell tumors, further studies are needed.
The WHO/IUSP have recently published a consensus classification for urothelial papillary tumors (1) . In this new classification, they have divided the low-grade urothelial tumors into urothelial neoplasms of LMP and low-grade urothelial carcinoma, both of which were regarded as transitional cell carcinoma, grade 1, in the old WHO classification. Subsequently, Holmang et al. showed that papillary neoplasms of LMP have a lower rate of recurrence than low-grade papillary carcinoma (2), a finding identical to the present study. This difference does not reach statistical significance in the present study, which may reflect the small size of this study, with only 49 cases.
Harnden et al. have suggested that assessment of CK20 expression can be used as a predictor for recurrence rate and malignant potential in lowgrade urothelial tumors, concluding that tumors with abnormal CK20 expression were more likely to recur (6, 7) .
In this study, we showed that papillary neoplasms of LMP had a lower recurrence rate than low-grade papillary transitional carcinoma, and that low-grade urothelial tumors with normal CK20 expression pattern recurred less frequently than tumors with abnormal pattern of CK20 staining. As well, patients with either low-grade papillary carcinomas or abnormal CK20 immunostaining patterns experienced more recurrences and more frequently had invasion in the recurrent tumors, compared with patients with papillary tumors of LMP or normal CK20 immunostaining. However, even tumors that were both classified as papillary tumors of LMP and showed normal CK20 expression recurred in 20% of cases. Thus it did not prove possible to identify a subset of low-grade papillary urothelial tumors with a sufficiently low likelihood of recurrence that it would allow a change in our current management of these patients with long-term close clinical follow-up, including regular cystoscopic examination.
A limitation of this study is that the end point used, recurrence of tumor, is less important clinically than recurrence of invasive tumor or death due to tumor. The ideal prognostic indicator will identify those patients at risk of developing invasion in recurrent tumor so that these patients may be followed more closely or, conceivably, offered active intervention to eradicate the malignant clone that leads to metachronous recurrences (24) . As invasive recurrences are uncommon, ultimately occurring in approximately 15% of patients with lowgrade transitional cell tumors (9), a much larger number of patients will be needed to study prognostic indicators in patients with low-grade transitional cell tumors that are predictive of progression to invasive tumor. In this small series there were only two recurrences with invasion of the muscularis propria (pathologic stage T2) and both the new WHO/ISUP classification (i.e., low-grade urothelial carcinoma rather than papillary tumor of LMP), and abnormal CK20 staining identified these patients.
